Materials and Methods
Wild flounder showing various levels of anemic appearance in the gill color (n=30; BW 300-550 g; Hb 0.5-6.3g/dL) caught off in the Sea of Japan of Akita Pre - Fig fecture were transported to our laboratory and kept for three days without feeding before using. Laboratoryreared healthy flounder (n=20; BW 280-400 g) were also examined for comparison.
The peripheral blood of each fish was taken from the dorsal artery with a heparinized syringe and needle.
Hemoglobin concentration (Hb) was determined by the cyanmethemoglobin method. The blood was analyzed using an electronic cell counter (Coulter Counter Z2, Coulter, FL). As erythrocytes had almost the same cell volume as leucocytes, the cell counter analysis was unable to distinguish these cells. Therefore, the volume of all cells was used as the volume of erythrocyte. This substitution was found to have minimal effect on the values in our preliminary examination, because leucocytes account for <2-3% of the total blood cells. For erythrocyte count (EC), leucocyte counts measured using a hematocytometer were then subtracted from the total cell counts measured by the cell counter. Based on the measurements, erythrocytic indices, namely the mean corpuscular cell volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC), were calculated.
For light microscopic observations, blood smears were stained with May-Grunwald and Giemsa stain. For electron microscopic observations, packed blood cells were embedded in Epon 812 (Taab Laboratories, UK), ultra-thin sectioned, and stained with uranyl acetate and lead acetate.
Results and Discussion
The anemic fish with low Hb showed lower values of EC, MCH and MCHC than the wild and reared healthy fish ( Fig. 1-a, c and d) . Clear correlations were detected between Hb and these values, indicating that the anemia was hypochromic. Many of anemic fish showed smaller MCV than healthy fish, although some of the anemic fish with low Hb had similar values of MCV to the healthy, laboratory-reared fish ( Fig. 1-b ). In the light microscopic examination, the blood cells derived from non-anemic wild fish and laboratory-reared fish (Hb>4 g/ dL) predominantly consisted of normal mature erythrocytes ( Fig. 2-a) . While, abnormal immature and mature erythrocytes having vacuolated and/or weakly stained cytoplasm were frequently found in the wild anemic fish (Hb<4 g/dL). There was a tendency that the ratio of the abnormal cells increased with decreasing Hb. Furthermore, the mature erythrocytes often showed an unusual spindle-like shape in the anemic fish ( Fig. 2-b) . These deformed erythrocytes were apparently smaller than normal erythrocytes and found mostly in fish with low MCV. Although low MCV was found in many anemic fish, some of anemic fish had values of MCV similar to the healthy fish ( Fig.1-b ). In the anemic fish with normal MCV, a small number of deformed or small erythrocyte and a large of immature were found together ( Fig.  2-c) . These observations indicate that the anemia was microcytic.
In the TEM observations, the abnormal erythrocytes were characterized with deformed outlines or an insufficient accumulation of hemoglobin ( Fig. 2-d,  e ). However, cytoplasmic vacuolation, which was often found in smear samples, was not observed in TEM. The cytoplasmic vacuolation in the blood smear seems to have resulted from the reduction of hemoglobin and cytoplasmic volume.
The present results revealed by using cell counter that the anemia was hypochromic microcytic anemia. Moreover, the TEM observations demonstrated that the abnormal erythrocytes had an insufficient accumulation of hemoglobin. From the present results together with data from previous reports, the anemia can be characterized as a hypochromic microcytic anemia accompa- 
